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PREFACE 


The  U.S.  Marine  Radiobeacon  System  is  maintained  and  operated  by  the  U.S. 
Coast  Guard  under  the  authority  of  I1*  U.S.C.8l(1).  Marine  radiobeacons  are  low 
and  medium  frequency  radio  transmitters  specifically  designed  and  installed  as 
aids  to  navigation.  Radiobeacons  are  located  at  definite  points  shown  on 
navigation  charts  and  listed  in  nautical  publications.  They  transmit  signals 
by  radio  in  all  directions  much  the  same  as  lighthouses  do  by  means  of  light 
beams.  Radiobeacons  are  located  such  that  bearings  from  two  or  more  can  be 
obtained  for  position  fixes  in  most  areas  about  the  coasts  and  Great  Lakes. 
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1.0  INTRODUCTION 


This  report  has  been  prepared  to  chronicle  the  development  of  the  U.S. 
Marine  Radiobeacon  System  and  to  report  its  current  status  and  near  term 
future  prospects. 

1.1  RADIOBEACON  NAVIGATION 

Marine  Radiobeacons  are  low  and  medium  frequency  radio  transmitters 
specifically  designed  and  installed  as  aids  to  navigation.  They  are 
located  at  entrances  to  heavily  travelled  harbors,  at  coastal  prominences, 
and  at  other  key  locations  and  landmarks  to  transmit  radio  signals  for  use 
by  marine  navigators.  Radio  direction  finders  are  specialized  radio 
receivers  used  by  mariners  to  determine  a  direction  to  the  radiobeacon 
transmitting  source. 

The  general  problems  and  practices  of  navigation  when  using  radio  bearings 
are  analagous  to  those  associated  with  visual  bearings  on  lighthouses  or 
other  known  objects.  The  practical  differences  between  radio  and  visual 
navigation  are  not  differences  in  principle,  but  in  the  availability  of 
radio  signals  beyond  visual  range  and  under  all  weather  conditions. 
Radiobeacons  are  located  at  definite  points  shown  on  navigation  charts  and 
are  listed  in  nautical  publications.  They  transmit  signals  by  radio  in  all 
directions  much  the  same  as  lighthouses  do  by  means  of  light  beams.  Each 
radiobeacon  is  identified  by  the  unique  characteristics  of  the  transmitted 
code  much  like  the  visual  signal  sequences  of  lighthouses.  Radiobeacons 
are  located  such  that  bearings  from  two  or  more  can  be  obtained  for 
position  fixes  in  most  areas  about  the  coasts  and  Great  Lakes,  and  can  be 
used  to  follow  a  desired  or  prescribed  course. 

1.2  RADIOBEACON  LOCATIONS 

Geographic  locations  of  Marine  Radiobeacons  and  their  assigned 
characteristics,  operating  frequencies,  and  service  ranges  may  be  obtained 
from  the  following  sources: 

1)  Coast  Guard  Light  Lists  (CG  158-162);  available  from  the 
Superintendent  of  Documents,  U.S.  Government  Printing  Office, 
Washingtcn,  DC  20402. 

2)  Defense  Mapping  Agency  Hydrographic/Topographic  Center  Publication 
117  (Radionavigation  Aids);  available  from  the  Defense  Mapping 
Agency,  Topographic  Center,  6500  Brooks  Lane,  Washington,  DC  20315. 

3)  Nautical  Charts,  available  from  the  National  Oceanic  and  Atmospheric 
Administration,  National  Ocean  Survey  (C-44),  Riverdale,  MD  20840. 

Changes  in  operation,  outages,  and  scheduled  alterations  are  announced  in 
Local  Notices  to  Mariners  which  are  available  from  local  Coast  Guard 
District  Commanders.  It  is  imperative  that  users  of  this  system  maintain 
current  information  at  all  times  to  avoid  undue  problems. 
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Radiobeacon  locations  as  of  1  January  1982  are  listed  in  Section  3  of  this 
report.  Earlier  configurations  are  discussed  in  Section  2  and  the  near 
term  future  locations  are  noted  in  Section  4. 

2.0  SYSTEM  EVOLUTION 


The  present  Radiobeacon  System  is  the  result  of  evolutionary  development 
over  a  period  of  more  than  sixty  years.  This  development  is  traced  through 
its  various  stages  in  this  section. 

2.1  EARLY  HISTORY 

For  centuries,  mariners  relied  solely  upon  visual  references  to  navigate 
throughout  their  uncertain  world.  With  time,  it  became  clear  that  the 
visible  segment  utilized  a  very  limited  portion  of  the  electromagnetic 
spectrum.  Furthermore,  it  was  discovered  that  radiowaves,  which  are  not 
visible,  occupied  another  portion  of  that  spectrum.  In  addition  to 
peculiar  properties  of  their  own,  these  radiowaves  possessed  many  of  the 
properties  of  the  more  familiar  visual  signals.  Thus,  the  directive 
properties  of  radio  signals  were  established  early  in  the  development  of 
radio  science.  This  feature,  coupled  with  the  long-range  all-weather 
usage  properties  of  radio  signals,  led  to  their  consideration  as  an  aid  to 
navigation.  Considerable  time  elapsed,  however,  before  theory  was  reduced 
to  practice  and  radiowaves  were  applied  as  useful  aids  to  navigation.  The 
major  problem  that  had  to  be  solved  was  finding  a  radiowave  analog  to  the 
optical  bearing  indicator  in  order  to  permit  the  determination  of  the  angle 
(bearing)  from  which  the  transmitted  signal  arrived  at  the  receiver. 

Early  work  by  Farraday,  Hertz,  and  Maxwell  in  the  nineteenth  century  formed 
the  basis  for  investigations  and  experiments  by  the  U.S.  Bureau  of 
Standards  in  1912  and  1913-  These  efforts  at  first  produced  a  simple 
device  which  demonstrated  the  feasibility  of  direction  finding  using  radio 
signals,  and  by  1916  a  more  practical  receiver  was  constructed  by  the 
Bureau.  The  method  of  radio  direction  finding  which  evolved  was  based  on 
the  directive  properties  of  the  so-called  coil  or  loop  antenna.  It 
operated  on  the  principle  that  the  amount  of  electromagnetic  force  induced 
in  a  vertical  loop  antenna  by  an  incident  electromagnetic  wave  was 
determined  by  the  angle  between  the  plane  of  the  loop  and  that  of  the  wave 
front.  When  the  plane  of  the  loop  was  aligned  with  the  direction  of  the 
incident  wave,  the  induced  signal  would  be  at  a  maximum.  As  the  loop  was 
rotated,  the  intensity  of  the  received  signal  would  be  reduced  until  a 
minimum  was  reached  when  the  plane  of  the  loop  became  orthogonal  to  the 
line  of  direction  of  the  incident  signal.  Thus,  the  direction  of  origin  of 
an  incident  wave  could  be  determined  by  positioning  the  loop  to  minimize 
the  received  signal  since  the  minimum,  which  is  well  defined,  could  be 
determined  with  sufficient  accuracy  for  navigation  purposes.  The 
directive  characteristics  of  a  loop  antenna  are  shown  in  Figure  1  and  a 
photograph  of  an  early  loop  shipboard  installation  is  shown  in  Figure  2. 

Direction  finding  equipments  were  installed  on  the  lighthouse  tender  TULIP 
and  were  tested  Jointly  by  the  Bureau  of  Standards  and  the  Lighthouse 
Service  of  the  U.S.  Department  of  Commerce  in  January  of  1917  using  signals 
from  a  spark  gap  transmitter  located  at  Navesink  Lighthouse  in  New  Jersey. 
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FIGURE  1 .  DIRECTIVE  PROPERTIES  OF  A  LOOP  ANTENNA 


3 


V  ■  ■  V  **^*1  v  TKjfnirrl-’ 

~ 

5  iS  jgj :  ^ 

1 1 

If  /  J 

I^Hhb  $  M  1 

HK^Kf  2s  "♦  Jp  1 

I 

FIGURE  2.  EXAMPLE  OF  EARLY  LOOP  SHIPBOARD  ANTENNA  (USCG  CUTTER  TAMPA) 


Although  results  were  promising,  the  onset  of  World  War  I  forced  a 
temporary  curtailment  of  further  efforts.  Tests  were  resumed  in  October  of 
1919  using  three  experimental  transmitters  located  at  lighthouses  in 
Chesapeake  Bay  and  an  improved  radio  direction  finder  on  the  tender 
ARBUTUS. 

Equipment  improvements  followed  throughout  the  next  year  and  prototype 
spark  gap  transmitters,  similar  to  that  shown  in  the  photograph  of  Figure 
3,  were  installed  at  Sea  Girt  Lighthouse  in  New  Jersey  and  on  AMBROSE  and 
FIRE  ISLAND  Lightships  in  the  approaches  to  New  York  Harbor.  Following  an 
extensive  test  and  demonstration  period,  these  three  stations  became 
operational  as  the  first  elements  of  the  U.S.  Marine  Radiobeacon  Service  on 
1  May  1921  under  the  jurisdiction  of  the  aforementioned  Lighthouse  Service 
(Ref.  1).  Two  additional  transmitters  were  commissioned  in  1922  -  DIAMOND 
SHOALS  Lightship,  North  Carolina  and  the  first  Pacific  coast  station,  SAN 
FRANCISCO  Lightship,  California. 

When  first  introduced,  radiobeacon  transmissions  were  referred  to  as 
"radio  fog  signals"  or  "wireless  fog  signals"  since  they  were  originally 
planned  as  a  supplementary  aid  under  fog  conditions.  For  the  first  few 
years,  radiobeacon  signals  were  transmitted  continuously  during  fog 
conditions.  Transmissions  also  were  made  during  the  periods  of  0900-0930 
and  1500-1530  each  day  to  permit  vessels  equipped  with  radio  direction 
finders  to  exercise  the  method  and  apparatus  in  clear  weather.  This 
limited  operation  led  to  the  recognition  of  radiobeacons  as  valuable  aids 
in  clear  weather  as  well  as  fog  because  of  the  availability  of  radio 
signals  beyond  visual  range.  As  a  consequence,  hourly  operation  was 
introduced  on  the  NANTUCKET  Lightship  in  1924  and  the  use  of  the 
restrictive  term  "radio  fog  signals"  was  phased  out  (Ref.  2). 

By  April  of  1924,  when  the  first  vacuum  tube  transmitter  was  installed  on 
AMBROSE  Lightship,  the  Service  had  a  dozen  spark  gap  transmitters 
operating  on  the  Atlantic  and  Pacific  coasts  on  a  common  frequency  of 
300  kHz  (1000  meters).  Over  the  next  few  years,  conversion  to  vacuum  tube 
transmitters,  an  example  of  which  is  shown  in  Figure  4,  was  accomplished 
and  the  number  of  new  radiobeacons  increased  by  at  least  10  per  year, 
including  the  first  units  about  the  Great  Lakes  (LAKE  HURON  Lightship)  and 
the  Gulf  Coast  (South  Pass,  Louisiana)  in  1925,  Alaska  (Cape  Spencer)  in 
1926,  and  Hawaii  (Makapuu  Point)  in  1927  (Ref-  3).  This  expansion  soon  Led 
to  interstation  interference.  This  factor,  along  with  foreign  radiobeacon 
developments,  necessitated  the  establishment  of  international  regulatory 
bodies  to  coordinate  and  control  the  use  of  the  available  radio 
frequencyspectrum.  One  of  the  first  meetings  convened  to  discuss  spectrum 
usage  was  the  International  Radiotelegraph  Conference  which  was  held  in 
Washington,  DC  in  November  of  1927.  The  regulations  established  by  that 
conference  provided  that  Marine  Radiobeacons,  "shall  use  the  waves  of  285 
to  315  kilocycles  per  second  (1050  to  950  meters)"  and  that  continuous  or 
modulated  continuous  waves  be  used.  In  the  United  States,  this  band  was 
divided  into  2  kiloHertz  channels  using  the  even  frequencies  as  the 
carriers  (e.g.,  286  kHz,  288  kHz,  290  kHz)  with  a  few  exceptions  for 
operational  utility.  Transmitter  stations  were  configured  in  groups  of 
three  per  frequency  and  synchronized  to  a  non-interfering  operating 
schedule  of  one  minute  on  and  two  minutes  silent.  Accurate  timing  of 
radiobeacon  signals  was  accomplished  by  use  of  a  signal  timer  controlled  by 
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FIGURE  3.  TYPICAL  RADIOBEACON  SPARK  GAP  TRANSMITTER 


a  primary  clock  which  was  checked  frequently  against  U.S.  Naval 
Observatory  time  signals.  This  arrangement  made  possible  the  grouping  of 
stations  with  a  minimum  of  interference.  Padiobeacons  were  assigned 
individual  code  identifiers  which  were  transmitted  by  either  keying  the 
modulated  audio  frequency  or  by  the  keying  of  the  modulated  carrier. 
During  periods  of  good  visibility,  radiobeacon  signals  generally  were 
transmitted  for  two  10  minute  periods  per  hour.  During  fog  or  low 
visibility  conditions  they  were  transmitted  continuously. 

Radiobeacons  also  were  divided  into  classes  based  on  the  average  reliable 
range  of  their  signals: 

Class  A  -  200  miles 

Class  B  -  100  miles 

Class  C  -  20  miles 

The  different  classes  imposed  different  requirements  on  transmitting 
equipment,  particularly  antenna  characteristics.  Since  radiobeacons  were 
strategically  located  to  provide  optimum  service  to  mariners,  the 
available  sites  were  not  necessarily  compatible  with  the  best  of 
installation  practices.  As  a  consequence,  transmitting  antennas  were 
selected  to  best  suit  the  power  requirements  and  physical  factors  of  the 
site.  For  high  power  radiobeacons,  electrically  matched  insulated  towers, 
typically  125  ft.,  were  used.  A  unique  example  of  such  matching  was  the 
top-loaded  antenna  at  Cape  Cod  Station  shown  in  Figure  5.  Low  power  or 
limited  range  sites  generally  used  an  insulated  vertical  mast  or  vertical 
whip  antenna,  typically  35  ft.  in  height,  with  a  ground  system  or  a 
counterpoise  system  of  radials  where  soil  conditions  precluded  a  ground 
system. 

Automatic  radiobeacon  operation  was  introduced  in  1928  and  distance 
finding  beacons,  wherein  radio  and  fog  signals  were  synchronized,  were 
first  commissioned  at  Cape  Henry,  V A,  in  1929.  The  replacement  of  the 
obsolete  spark  gap  transmitters  was  completed  in  1930  and  the  system 
configuration  that  resulted  in  July  of  1931  is  shown  in  Figure  6.  The 
characteristics  of  the  various  transmitter  sites  were  as  noted  in  Table  I 
(90  active  transmitters,  12  under  construction)  (Ref.  2). 

Radiobeacon  navigation  was  readily  accepted  by  the  mar<  -,ime  community. 
Because  of  the  many  factors  affecting  navigation,  however,  it  is  difficult 
to  assess  the  effect  of  radiobeacon  navigation  on  maritime  safety.  Yet, 
the  following  figures  are  of  interest.  Radiobeacons  were  deemed 
remarkably  effective  on  the  Great  Lakes  during  the  years  1927-30  by 
shipping  interests.  In  this  four  year  period  there  were  31  strandings  in  a 
group  of  470  vessels,  or  one  for  each  15  vessels.  For  the  years  1923-26, 
immediately  before  the  advent  of  radiobeacons,  there  were  76  strandings  in 
a  comparable  group  of  572  vessels,  or  1  stranding  for  each  7.5  vessels. 
Shipping  interests  considered  the  availability  of  radiobeacon  signals  to 
be  the  most  important  factor  in  this  reduction  (Ref.  4). 
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FIGURE  6.  RADIOBEACON  CONFIGURATION, 
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Establishment  of  new  radiobeaeon  transmitter  installations  virtually 
stopped  during  the  years  1932-1934;  however  system  refinement  was  pursued 
and  in  1934  the  Lighthouse  Service  established  an  unattended  aid  by 
equipping  a  lightship  for  radio  remote  control  of  all  facilities, 
including  light,  fog  signal,  and  radiobeacon  (Ref.  3).  Construction  of 
new  transmitter  installations  resumed  in  1935  and  in  that  same  year 
officers  of  the  U.S.  and  Canadian  Lighthouse  administrations  adopted 
identical  principles  of  radiobeacon  operation.  A  simplified  signal  timer 
was  introduced  in  1936  and  a  radiobeacon  buoy  transmitter  wa3  successfully 
tested  in  1938.  During  1939,  the  first  radiobeacon  buoy  was  placed  in 
service  as  North  Channel  Radiobeacon  Buoy  No.  10  in  Boston  Harbor,  MA. 

By  March  1939,  the  Radiobeacon  System  had  grown  to  141  transmitters  with  an 
estimated  4000  users  (Ref.  5).  The  system  configuration  at  that  time  is 
shown  in  Figures  7,  8,  and  9  (Ref  6). 

2.2  COAST  GUARD  INVOLVEMENT 


Under  Presidential  Reorganization  Plan  No.  11,  made  effective  1  July  1939, 
by  Public  Resolution  No.  20,  it  was  provided  "that  the  Bureau  of 
Lighthouses  in  the  Department  of  Commerce  and  its  functions  be  transferred 
to  and  consolidated  with  and  administered  as  a  part  of  the  Coast  Guard. 
This  consolidation,  made  in  the  interest  of  efficiency  and  economy,  will 
result  in  the  transfer  to  and  consolidation  with  the  Coast  Guard  of  the 
system  of  approximately  30,000  aids  to  navigation  (including  light  vessels 
and  lighthouses)  maintained  by  the  Lighthouse  Service  on  the  sea  and  lake 
coasts  of  the  United  States,  on  the  rivers  of  the  United  States,  and  on  the 
coasts  of  all  other  territory  under  the  jurisdiction  of  the  United  States 
with  the  exception  of  the  Philippine  Islands  and  Panama  Canal  proper." 
(Ref.  7) 

Thus  did  the  Coast  Guard,  then  a  part  of  the  Treasury  Department,  become 
responsible  for  the  operation  and  maintenance  of  the  Radiobeacon  System,  a 
function  which  continues  to  this  day  under  the  authority  of  14  U.S.C. 
8 1  ( 1 ) .  (Ref.  8) 

Few  changes  were  made  in  the  early  years  of  Coast  Guard  administration  with 
one  notable  exception,  that  of  refinement  of  buoy  instrumentation.  In  May 
of  1941,  the  initial  buoy  Installation  in  Boston  Harbor  was  replaced  by  a 
newly  designated  Graves  Lighted  Whistle  Radiobeacon  Buoy  5.  This  was 
followed  in  June  1941  by  the  establishment  of  Cape  Ann  Lighted  Whistle 
Radiobeacon  Buoy  2  and  York  Split  Channel  Lighted  Whistle  Radiobeacon  Buoy 
1A.  A  fourth  radiobeacon  buoy  was  approved  for  the  entrance  to  Cape  Fear 
River,  NC,  and  many  others  were  to  follow.  These  buoy  installations  were 
designated  Class  D  radiobeacons  having  an  average  effective  range  of  10 
miles.  (Ref.  9) 
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FIGURE  7.  ATLANTIC  AND  GULF  COASTS  RADIOBEACON  CONFIGURATION,  1939 


Department  of  Commerce 
United  States  lighthouse  Service 


FIGURE  9.  GREAT  LAKES  RADIOBEACON  CONFIGURATION  1939 


2.3  THE  WARTIME  PERIOD 


Under  the  provisions  of  its  establishing  act,  the  Coast  Guard  was 
transferred  to  the  Department  of  the  Navy  on  1  November  1941.  With  U.S. 
entry  into  World  War  II  in  the  following  month,  numerous  changes  were  made 
to  the  Radiobeacon  System,  including  the  immediate  silencing  of  mo3t 
Alaskan  stations  and  modifications  to  the  operational  characteristics  of 
many  coastal  sites. 

Dimouts  and  blackouts  of  individual  radiobeacons,  as  well  as  power  level 
reductions  and  site  relocations,  were  instituted  to  various  degrees  at 
various  times  during  the  wartime  years  in  such  a  manner  as  to  insure  safe 
passage  of  U.S.  and  allied  vessels  while  denying  the  use  of  radiobeacon 
signals  to  the  enemy.  Despite  these  restrictive  actions,  the  Radiobeacon 
System  actually  experienced  growth  during  this  troublesome  period  with  at 
least  10  new  installations  being  established  annually. 

The  year  1944  saw  the  end  of  radiobeacon  silence  at  Alaskan  sites,  the 
lifting  of  most  operational  restrictions  at  coastal  installations  and  the 
establishment  of  18  new  radiobeacon  stations,  mostly  along  the  North 
Atlantic  coast.  The  reconstituted  Radiobeacon  System  provided  essential 
support  to  maritime  efforts  which  contributed  to  an  allied  victory  and  the 
cessation  of  hostilities  in  1945. 

The  Coast  Guard  was  returned  to  Treasury  Department  jurlstiction  on  1 
January  1946,  to  resume  its  normal  peacetime  mission.  At  that  time,  the 
Radiobeacon  System  consisted  of  191  transmitter  sites  with  an  estimated 
10,000  users. 


2 . 4  THE  POST-WAR  PERIOD 


Construction  of  radiobeacons  leveled  off  after  World  War  II  because  of  the 
comprehensive  coverage  provided  by  the  stations  then  operating.  It  wa3 
during  this  period  that  the  first  major  revision  wa3  made  to  the 
Radiobeacon  System.  Individual  transmitters  were  assessed  on  the  basis  of 
their  coverage  both  singularly  and  with  respect  to  other  transmitters  and 
on  the  basis  of  accessibility  to  the  transmitter  site.  As  a  result  of  this 
effort  many  transmitters  were  moved  back  frc i  Jettys  and  other  difficult  to 
reach  sites.  The  transmitted  power  levels  of  some  transmitters  were 
changed,  while  other  transmitters  were  deemed  unnecessary  and  were 
disestablished.  Transmitters  were  installed  at  new  sites  to  increase 
coverage  capability,  and  technological  innovations  from  the  wartime  period 
were  introduced  to  the  system  as  particular  situations  warranted. 
Following  this  adjustment,  the  count  of  radiobeacon  transmitters  was  1 86 
in  April  of  1949,  and  users  numbered  an  estimated  20,000.  (Ref.  4). 

This  period  also  saw  changes  in  the  rules,  regulations,  and  international 
agreements  governing  the  use  of  Marine  Radiobeacons.  The  International 
Telecommunication  Union  (ITU)  meeting  at  Atlantic  City  in  1947  recommended 
a  change  in  the  radiobeacon  frequency  allocation  from  the  prior 
established  band  of  285-315  kHz  to  an  expanded  band  of  285-325  kHz  for 
marine  operation  in  ITU  Region  II.  (The  entire  U.S.  Marine  Radiobeacon 
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System  is  within  the  area  defined  by  the  Atlantic  City  Conference  as  Region 
II.)  The  Extraordinary  Administrative  Radio  Conference  held  in  Geneva  in 
1951  for  the  preparation  and  adoption  of  new  international  frequency  lists 
for  the  various  radio  services  agreed  to  the  adoption  of  this  expanded  band 
with  an  effective  date  of  1  November  1952.  Thus,  following  the  channel 
spacing  used  in  the  band  285-315  kHz,  five  new  fundamental  radiobeacon 
frequencies  became  available  (316  kHz,  318  kHz,  320  kHz,  322  kHz,  and  324 
kHz).  However,  since  aeronautical  radiobeacons  were  then  operating  on 
these  frequencies,  it  was  some  time  before  the  entire  expanded  band  became 
fully  dedicated  to  maritime  usage. 

The  importance  of  the  Radiobeacon  System  as  an  aid  to  navigation  was 
evidenced  when  the  Communications  Act  of  1934,  as  amended  and  revised  to  1 
September  1948,  required  that  any  passenger  vessel  of  5000  tons  or  more, 
navigating  in  the  open  seas,  be  provided  with  an  efficient  radio  direction 
finding  device. 

International  recognition  of  the  value  of  this  system  was  achieved  when  the 
International  Conference  on  Safety  of  Life  at  Sea,  held  in  London  in  1948, 
established  the  requirement  that  every  ship  of  1600  tons  or  more  must  be 
provided  with  an  approved  radio  direction  finding  apparatus  when  engaged 
in  international  voyages.  Through  this  action,  the  Radiobeacon  System 
became  the  only  internationally  mandated  radionavigation  system  -  a 
distinction  which  continues  to  this  day.  In  addition,  the  Safety  of  Life 
at  Sea  Conference  recognized  that  the  field  strengths  necessary  to  obtain 
usable  bearings  at  the  edges  of  the  advertised  service  ranges  depended  upon 
the  sensitivity  and  selectivity  of  direction  finders  and  the  noise  levels 
due  to  atmospherics  and  other  causes.  Hence,  it  was  recommended  that 
direction  finding  equipments  (receivers)  should  have  a  sensitivity  of  no 
less  than  50  microvolts  per  meter  (  yv/m).  Upon  acceptance  of  this 
recommendation  by  the  ITU,  the  Coast  Guard  adjusted  the  transmitted  power 
of  each  U.S.  Marine  Radiobeacon  to  provide  a  field  strength  of  50  yv/m  at 
its  advertised  service  range. 


2.5  THE  FIFTIES  AND  EARLY  SIXTIES 

By  June  of  1953,  the  number  of  radiobeacons  had  once  again  risen  to  the 
level  of  191  installations,  an  increase  of  but  5  from  the  1949  level  (Ref. 
10).  The  user  community  had,  however,  grown  much  more  significantly  to  an 
estimated  level  of  40,000,  spurred  in  large  part  by  the  regulatory  actions 
of  the  late  forties.  The  Radiobeacon  System  remained  essentially  the  same 
over  the  next  decade  or  so,  adding  or  deleting  a  beacon  here  or  there  to 
satisfy  the  immediate  needs  of  the  user  community  with  minimal  effect  on 
the  overall  system.  However,  one  major  modification  was  introduced  -  that 
of  field  strength  criteria  at  advertised  service  ranges.  Pursuant  to  the 
Radio  Regulations  adopted  by  the  1959  ITU  Conference  in  Geneva,  the  field 
intensities  at  the  extremity  of  the  advertised  range  in  Region  II  were 
changed  to  the  following  levels  to  permit  satisfactory  bearing 
determination  in  the  presence  of  atmospheric  noise: 

50  yv/m  ror  Radiobeacons  north  of  40°N 

75  yv/m  for  Radiobeacons  between  40°N  and  31°N 
100  yv/m  for  Radiobeacons  between  31®N  and  30°S 


The  Coa3t  Guard  adopted  these  field  strength  criteria  An  January  of  1961  at 
which  time  the  system  consisted  of  19#  radiobeacons  ( Ref "11).  All  Marine 
Radiobeaoons  had  their  field  intensities  adjusted  as  determined  by  their 
latitude.  A  few  exceptions,  accepted  by  the  ITU,  were  made  to  improve  the 
service  rendered  in  troublesome  areas.  The  nominal  field  intensities 
required  to  meet  these  criteria  are  listed  in  Table  II  (Ref.  12).  The 
listed  intensity  levels  have  been  fixed  since  1961  and  consequently  are 
those  in  current  practice. 

The  1959  Radio  Regulations  also  stipulated  that  all  radiobeacon  emissions 
mu3t  occupy  the  minimum  practical  frequency  spectrum  (bandwidth)  and  must 
possess  a  frequency  stability  of  a  least  0 .0 1 J6 ,  characteristics  that  were 
commonly  observed  in  U.S.  radiobeacon  practice  prior  to  that  mandate. 

Over  the  years,  different  types  of  radiobeacons  evolved  to  satisfy 
particular  needs.  For  instance,  local  or  marker  beacons  for  local  use  at  a 
nominal  distance  of  10  miles,  transmitted  a  series  of  0.5  second  dashes  for 
a  period  of  15.5  seconds  then  remained  silent  for  1 4 .5  seconds.  Sequenced 
beacons,  in  groups  of  three  on  a  common  frequency,  transmitted  an 
identifying  code  for  one  minute  and  remained  silent  for  two  minutes  during 
two  10  minute  periods  each  hour.  These  beacons  operated  throughout  the 
hour  in  limited  visibility  situations.  Continuous  beacons  transmitted  an 
identifying  code  at  all  times  in  all  weather  conditions.  Distance  finding 
beacons  sent  out  synchronized  radio  and  fog  signals  to  permit  measurements 
of  distance  over  limited  ranges.  Calibration  stations  operated  upon 
request  to  allow  a  mariner  to  determine  the  precision  of  his  direction 
finding  equipment. 

The  locations  and  characteristics  of  the  various  elements  of  the  U.S. 
Marine  Radiobeacon  System  as  it  existed  in  early  1963  are  shown  in  Figures 
10,  11,  and  12  (Ref  13). 

Radio  direction  finders  (ship  board  receivers)  also  developed  in 
sophistication  over  time  and  automatic  direction  finding  (ADF)  equipments 
found  their  way  into  the  user  inventory.  The  operational  utility  of  ADF 
equipments  on  large  vessels  coupled  with  increased  acceptance  of 
radiobeacon  navigation  by  the  pleasure  boat  community  presaged  the  need 
for  a  reassessment  of  transmitted  signal  characteristics  and  an  ulti  ’ate 
realignment  of  the  Radiobeacon  System. 


2.6  SYSTEM  REALIOMENT  OF  1963 

Ease  of  operation  and  low  cost  to  the  user  made  the  Marine  Radiobeacon 
System  a  major  aid  to  navigation  for  the  pleasure  craft  owners  as  well  as 
for  the  commercial  users.  Due  to  the  phenomenal  rise  in  small  boating  in 
the  late  1950's  and  early  1960's,  additional  radiobeacon  transmitter  sites 
were  sought  to  accommodate  the  more  than  100,000  members  of  this  user 
class.  However,  the  available  radio  spectrum  had  become  saturated  to  the 
point  that  it  was  virtually  impossible  to  add  another  station  without  undue 
interference.  In  an  effort  to  alleviate  this  problem,  the  entire 
Radiobeacon  System  was  reassessed  during  the  early  1960's  and  several 
major  changes  were  effected  during  the  months  of  June  and  July  1963. 
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TABLE  IL 

FIELD  INTENSITY  REQUIREMENTS 


ADVERTISED 

RANGE 

(Mi)* 

REQUIRED  INTENSITY  AT  ONE  MILE* 

IN  MICROVOLTS  PER  METER 

SEA  WATER 

GREAT 

LAKES 

■ESI 

10 

500 

750 

1000 

550 

15 

750 

1125 

1500 

800 

20 

1000 

1500 

2000 

1100 

25 

1300 

1950 

2600 

1450 

30 

1500 

2250 

3000 

1600 

35 

1800 

2700 

3600 

2150 

40 

2100 

3150 

4200 

2550 

45 

2400 

3600 

4800 

2950 

50 

2700 

4050 

5400 

3400 

55 

3000 

4500 

6000 

60 

3300 

4950 

6600 

4350 

65 

3600 

5400 

7200 

70 

3900 

5850 

7800 

5400 

75 

4200 

6300 

8400 

80 

4500 

6750 

9000 

6600 

85 

4900 

7350 

9800 

90 

5300 

7950 

10600 

7850 

95 

5600 

8400 

11200 

100 

6000 

9000 

12000 

9300 

110 

6800 

10200 

13600 

120 

7600 

11400 

15200 

130 

8400 

12600 

16800 

140 

9300 

13950 

18600 

150 

10400 

15600 

20800 

160 

11500 

17250 

23000 

170 

12600 

18900 

25200 

160 

13600 

20700 

27600 

190 

15100 

22650 

30200 

200 

16600 

24900 

33200 

250 

25100 

37650 

50200 

300 

37500 

56250 

75000 

350 

54900 

82350 

109800 

♦Nautical  Miles  for  Sea  Water 
Statute  Miles  for  Great  Lakes 
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UMTCO  STATES  COAST  GUARD 


FIGURE  12.  GREAT  LAKES  RADIOBEACON  CONFIGURATION,  EARLY  1963 


As  noted  earlier,  a  sequenced  beacon  is  one  whose  transmission  are  time 
shared  with  other  beacons  operating  on  the  same  frequency.  Historically, 
three  stations  time-shared  two  ten  minute  periods  each  hour  in  fair  weather 
and  operated  throughout  the  hour  in  foul  weather.  A  major  revision  to 
system  operation  was  introduced  in  June  of  1963  whereby  sequenced  beacons 
would  operate  one  minute  on/five  minutes  off  in  groups  of  six  radiobeaoons 
to  a  frequency.  The  purpose  of  the  change  was  to  relieve  band  congestion 
and  to  make  room  for  possible  additional  radiobeaoons.  In  addition  to  the 
re-grouping  modification,  the  distinction  between  fair  and  foul  weather 
operation  was  eliminated,  thus  providing  ten  minutes  of  operation  per  hour 
from  each  station  under  all  weather  conditions.  All  radiobeacons  in  the 
United  States  and  Canada  were  changed  to  the  new  mode  of  operation  by  the 
end  of  July  1963.  This  was  a  tremendous  engineering  feat  requiring  the 
utmost  of  planning,  coordination,  and  cooperation  amoung  the  U.S.  Coast 
Guard,  the  Canadian  Department  of  Transport,  and  the  user  community 
(Ref.  14).  Comparison  of  the  resultant  configuration,  Figures  13,  14,  and 
15,  (Ref.  15)  with  the  immediately  preceeding  configuration,  Figures  10, 
11,  and  12,  clearly  shows  the  enormous  scope  of  this  near-immediate  system 
realignment. 

Concurrent  with  the  above  change,  the  type  of  radiobeacon  emission  was 
changed  from  keyed-carrier  keyed-tone  transmission  to  continuous  carrier 
keyed  tone  transmission.  This  latter  type  of  emission  is  more  suitable 
than  the  former  to  ADF  usage  in  that  a  continous  carrier  minimizes  jitter 
and  hunting  effects.  As  an  added  aid  to  those  users  with  manual  direction 
finders,  a  10  second  dash  was  added  at  the  end  of  each  operating  minute  at 
all  sequenced  stations  to  enhance  their  ability  to  obtain  accurate 
bearings  in  a  timely  fashion. 

A  further  related  modification  was  a  change  from  amplitude  modulation  to 
dual  carrier  emission  (Ref.  16).  In  radiobeacon  usage,  dual  carrier 
emission  is  the  simultaneous  transmission  of  two  RF  carriers  whose 
frequencies  are  separated  by  1020  Hz  (the  desired  modulation  frequency). 
One  carrier  operates  continuously  at  the  designated  station  frequency. 
The  second  carrier  operates  1020  Hz  above  the  first  and  is  keyed  in 
accordance  with  the  station  code.  The  keyed  carrier  is  transmitted  at  half 
the  power  of  the  continuous  carrier  thereby  yielding  a  modulation  of  70% 
after  detection.  This  type  of  emission,  which  remains  in  current  usage, 
has  the  advantage  of  transmitting  the  same  amount  of  information  >-rhile 
using  half  the  bandwidth  required  by  amplitude  modulation.  In  theory,  this 
change  allowed  the  addition  of  more  radiobeacon  stations.  In  practice, 
however,  full  advantage  of  the  narrow  bandwidth  characteristic  of  dual 
carrier  emission  could  not  be  realized  until  direction  finders  were 
redesigned  with  compatible  narrow  IF  bandpasses.  This  was  a  very  gradual 
process  over  the  next  several  years. 

Following  the  realignment  of  1963,  the  system  configuration  remained 
essentially  unchanged  over  the  next  few  years  with  only  minor  adjustments 
where  necessitated  by  operational  considerations.  System  instrumentation 
did,  however,  exhibit  change  with  the  gradual  introduction  of  various 
solid  state  components  and  sub-systems  which  partially  replaced  some  of 
the  older  tube-type  equipments.  This  was  followed  by  the  eventual 
deployment  of  fully  solid  state  transmitters  in  the  mid-sixties. 
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FIGURE  13.  ATLANTIC  AND  GULF  COAST  RADIOBEACON  CONFIGURATION,  LATE  1963 


ms* 


FIGURE  14.  PACIFIC  COAST  AND  ISLANDS  RADIOBEACON  CONFIGURATIONS,  LATE  1963. 


2.7  THE  DEPARTMENT  OF  TRANSPORTATION  YEARS 


In  April  of  1967,  the  U.S.  Coast  Guard  was  assimilated  into  the  newly 
formed  Department  of  Transportation  (DOT).  This  administrative  change  had 
no  immediate  effect  on  the  Radiobeacon  System  and  the  Coast  Guard  continued 
with  the  routine  maintenance,  operation  and  refinement  of  the  system.  In 
its  charter,  the  DOT  was  designated  as  the  principal  provider  of  civil  air, 
maritime,  and  terrestrial  navigation  systems.  This  function  received 
statutory  recognition  in  Public  Law  89-670,  the  legislation  creating  the 
New  Department.  In  April  1972,  the  DOT  published  a  National  Plan  for 
Navigation  (NPN)  to  address  the  major  civil  air  and  marine  navigation 
systems.  Prominent  among  the  latter  was  the  Radiobeacon  System  about  which 
it  was  stated  in  part  that: 

"Continued  operation  of  the  marine  radiobeacon  system  will  be 
required  for  backup  to  more  accurate  systems  and  to  provide  a 
navigation  system  which  is  suitable  for  the  multitude  of  recreational 
boats...  Current  plans  are  that  the  transmitting  system  will  be 
augmented  and  reconfigured  to  provide  better  service  to  the  large 
number  of  users  of  the  system  in  selected  areas  of  the  United  States." 

At  the  time  the  NPN  was  published,  the  recreational  boat  user  community 
exceeded  200,000  members.  The  Coast  Guard,  anticipating  the  increased 
needs  of  these  users,  had  already  initiated  a  planning  activity  to  satisfy 
such  needs  while  concurrently  maintaining  and  improving  the  service 
provided  to  the  commercial  user.  This  activity,  eventually  formalized  as 
the  Radiobeacon  Improvement  Program  of  1974,  identified  the  following 
goals: 


1.  Optimization  of  radiobeacon  service  to  meet  current  requirements 

2.  Reduction  of  support  costs 

The  separate  Coast  Guard  Districts  responded  with  plans  to  address  these 
goals  which  Incorporated  inputs  from  perceived  needs  as  voiced  in  Coast 
Guard  conducted  surveys  of  the  user  communities  and  requirements  analyses 
conducted  within  the  involved  Districts. 

During  the  years  1975  and  1976,  coordinated  plans  were  prepared  for  the 
Atlantic  and  Gulf  Coasts,  the  West  Coast,  and  the  Great  Lakes  areas  by 
consolidating  the  individual  plans  submitted  earlier  by  the  various  Coast 
Guard  Districts.  Although  the  resultant  plans  did  not  accomodate  all  of 
the  specific  recommendations  of  all  commands,  they  were  the  result  of  an 
exhaustive  analysis  of  what  had  been  recommended  and  what  could  be 
accomplished  under  the  constraints  of  frequency  availability  and 
interference  protection.  The  plans  did,  however,  provide  for  the  orderly 
transition  from  the  then  existing  system  to  a  new  configuration  which 
satisfied  the  cited  goals  in  the  following  manner: 


Optimization 

1.  Provide  the  mariner  with  improved  radiobeacon  service  where  he 
wants  it  and  the  type  of  service  he  desires. 


2.  Effect  efficient  utilization  of  the  existing  marine  radiobeacon 
frequency  band. 

3.  Convert  as  many  radiobeacons  as  possible  from  sequenced  to 
continuous  operation  in  order  to  provide  the  mariner  with 
maximum  fix  information  per  time  unit,  convert  marker  beacons  to 
continuous  coded  operation,  and  convert  all  beacons  from  single 
characteristic  code  to  multiple  characteristic  codes. 

4.  Assign  maximum  ranges,  up  to  150NM  where  possible,  to  all 
radiobeacons  where  such  increases  prove  merited  and  beneficial  to 
the  mariner. 

5.  Provide  an  almost  continuous  two  line  fix  capability  at  least  to 
50NM  offshore  or  to  the  100  fathom  curve,  whichever  is  greater. 

Cost  Reduction 


1.  Convert  to  a  standardized  totally  solid  state  design  transmitter 
installation. 

Implementation  of  the  various  features  of  the  plans  was  initiated  by  a 
Coast  Guard  directive,  since  overall  responsibility  for  the  Radiobeacon 
System  was  made  a  Headquarters  function  of  the  Radionavigation  Aids  Branch 
of  the  Aids  to  Navigation  Division,  Office  of  Marine  Environment  and 
Systems.  In  the  past,  the  separate  Coa3t  Guard  Districts  were  somewhat 
autonomous  in  regard  to  radiobeacons  under  their  jurisdiction. 

In  contrast  to  the  almost  immediate  change  of  1963,  the  improvement  of  1974 
was  a  very  gradual  undertaking  eventually  leading  to  the  system  as  it 
exists  today.  The  revised  DOT  NPN  of  1977  attested  to  the  fact  that  the 
Radiobeacon  System  was  undergoing  change  and  the  Federal  Radionavigation 
Plan,  prepared  Jointly  by  DOT  and  DOD  in  1980,  contained  the  following 
reference  to  the  status  of  Marine  Radiobeacons: 

"There  are  approximately  200  Coast  Guard-operated  marine 
radiobeacons.  Operation  of  these  systems  will  continue  through  the 
1990’s.  The  system  is  being  modernized,  expanded  slightly  and 
reconfigured  to  provide  better  sevice  in  response  to  the  increasing 
demand.  This  effort  includes  establishing  37  new  stations, relocation 
of  some  others,  changes  in  type  of  operation  of  selected  beacons,  and 
changes  in  frequency.  These  changes  will  improve  service  by 
providing  more  beacons,  improving  signal  availability,  and  providing 
service  in  many  area  where  coverage  does  not  exist.  The  changes  in 
frequency  will  result  in  more  efficient  use  of  the  RF  spectrum  and 
will  allow  for  additional  beacons  in  some  areas  if  needed." 
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The  optimization  portion  of  the  system  improvement  of  1974  was 
substantially  completed  by  the  end  of  1980.  Of  the  many  changes 
introduced,  the  most  observable  were  the  conversion  of  many  radiobeacons 
from  sequenced  to  continuous  operation.  The  operational  changeover 
greatly  simplified  the  equipments  necessary  at  the  affected  transmitter 
sites.  Evidence  of  this  simplification  is  shown  in  the  before  and  after 
photographs  of  the  transmitter  configuration  at  a  typical  installation 
(Eastern  Point,  MA) ,  Figures  16  and  17.  In  sequenced  operation,  Figure  16, 
considerable  hardware  was  required  to  maintain  the  necessary  time 
reference  control.  In  continuous  operation,  Figure  17,  these  equipments 
were  no  longer  needed,  greatly  reducing  the  complexity  of  the  site. 

As  to  cost  reduction,  experience  with  solid  state  transmitters  established 
the  superiority  of  such  equipment  over  older  vacuum  tube  designs  in  terms 
of  reliability,  maintainability  and  savings  in  power  consumption.  The 
efficacy  of  such  designs,  demonstrated  over  the  preceding  decade,  led  to 
the  development  of  specifications  for  the  first  Coast  Guard-wide 
standardized  solid  state  transmitter  in  1977  (Figure  18).  The  first 
installation  of  this  design  was  established  at  Guard  Island,  Alaska  in 
August  of  1978.  In  the  final  version  of  the  Radiobeacon  Improvement 
Program  of  1974,  adopted  in  the  Spring  of  1980,  provision  was  made  to 
introduce  Radiobeacons  of  common  total  solid  state  design  throughout  the 
near-term  future  system. 

An  organizational  change  also  occurred  in  this  time  period  -  the 
formulation  of  the  Office  of  Navigation  within  the  Coast  Guard  in  May  of 
1980.  With  this  change,  responsibility  for  the  operation  and  maintenance 
of  the  U.S.  Marine  Radiobeacon  System  was  assigned  to  the 
OMEGA/Radiobeacon  Branch  of  the  Radionavigation  Division  of  that  Office. 

3.0  THE  CURRENT  SYSTEM 


On  1  January  1982,  the  system  consisted  of  199  radiobeacons  configured  as 
shown  in  Figures  19,  20,  and  21.  Individual  site  characteristics  were  as 
noted  in  Appendix  A  (Ref.  17).  Radiobeacon  installations  by  Coast  Guard 
District  at  that  time  were: 

CG  District  No,  Radiobeacons 


1 

23 

3 

19 

5 

13 

7 

12 

8 

11 

9 

62 

11 

15 

12 

20 

13 

17 

17 

7 

The  Federal  Radionavigation  Plan  of  1980  projected  that  the  Radiobeacon 
System  would  provide  service  to  some  423,000  users  by  1982. 
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FIGURE  19.  RADIOBEACON  SYSTEM,  ATLANTIC  AND  GULF  COASTS,  1  JANUARY  1982 


FIGURE  21.  RADIOBEACON  SYSTEM,  GREAT  LAKES,  I  JANUARY  1982 


The  bearing  coverage  provided  by  this  system  is  shown  graphically  in 
Figures  22,  23,  and  24.  Fix  coverage  (two  or  more  beacon  coverage)  is 
shown  in  Figures  25,  26,  and  27.  Fix  coverage  is  provided  everywhere 
within  the  Great  Lakes. 

4.0  THE  NEAR  TERM  FUTURE  SYSTEM 

The  Radiobeacon  Improvement  Program  of  1974  as  amended  to  1980  will  result 
in  the  deployment  of  a  new  generation  of  radiobeacons  of  common  solid  state 
design.  A  photograph  of  a  typical  transmitter  is  shown  in  Figure  28.  The 
near-term  future  system  (late  1984)  will  consist  of  the  stations  listed  in 
Appendix  A  and  the  additional  stations  listed  in  Appendix  B. 

The  addition  of  8  installations  about  the  Atlantic  and  Gulf  Coasts  will 
result  in  increased  areas  of  fix  coverage,  particularly  off  the  west  coast 
of  Florida  as  shown  in  Figure  29.  The  envelope  of  bearing  coverage  will 
remain  the  same  as  that  shown  in  Figure  22.  The  additional  14 
installations  about  the  Great  Lakes  will  increase  the  redundancy  of  fix 
coverage  in  that  region.  Pacific  and  Alaskan  coast  coverage  will  be 
unchanged. 


FIGURE  24.  RADIOBEACON  COVERAGE,  ALASKAN  COAST  -  BEARING 
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APPENDIX  A 

U.S.  MARINE  RADIOBEACON  SYSTEM  1  JANUARY  1982 
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57  25  24 

7*  11  24 

5IT 

tyeee 

T* 

<•  ••••> 

121 

52  01  I* 

*010  41 

51* 

CAF  COO  CANAL 
IS1AKWATEE 

CC 

. . . 

20 

41  4*1* 

70  30  04 

SI* 

SAN  JUAN 

l 

<••••> 

1*2*  14 

*4  07  05 

51* 

JONES  INUT 

JI 

<••••  ••) 

10 

40)410 

7)  54  24 

51* 

DfLAWAES  UGHTED 
HOftN  suoro 

D 

<•••) 

10 

5*27  1* 

74  51  0* 

VO 

TMZCUOCCLDC 

CU 

10 

45  4*4* 

4*5*02 

VO 

SAY1EOOK  UlIAKWATTE 

Si 

(•  •  •  •  •  •  •) 

10 

41  1147 

72  20  5* 

520 

CAFE  SAN  HAS 

w 

(•••> 

121 

29  40  10 

*121  M 

521 

DIAMOND  SHOALS 

DS 

10 

510*1) 

71  1710 

522 

FOET3MOUTH  HAU04 
(NtWCASTUl  LIGHT 

NCZ 

10 

45  04  1* 

70  42  M 

522 

NEWSEDfOtD 

Ni 

•  •  •  •  •) 

10 

41  57  2* 

70  34  22 

522 

EAENKAT  INLET 

■ 

(••••  ••) 

20 

5*412* 

74  0*21 

522 

MIAMI 

U 

(•••) 

100 

214142 

(0  0*02 

525 

CALCASIEU 

UT 

<•••  •) 

110 

2*4*42 

*1  20  14 

524 

WAOtAFElAGUE  INLET 

Wl 

<•••  ••) 

10 

57  54  24 

7}  57)0 

121 

IAXTUN  FONT 

IF 

<•  ••••) 

10 

42)410 

70  5*  14 

521 

FOINT  JUDITH 

FJ 

10 

41  21  *9 

71  20  33 

521 

SRANT  FOINT 

H 

10 

4 1  17  .M 

70  03  *7 

521 

CAFE  MAY 

CM 

10 

5*5*  5* 

74  32  20 

A-5 


iukwoco*  mrua— oaonc  coast  am*  momc  hum* 


I  CAUMATON  STATIONS 


ASatriaa*  nmmndnmmtmm »  Anting ihtlim rnQtMtdfarohtoatiaaaiihhttaA tan*  aadahaA karat  (A— 2 mtonni.mayi  Mart  map.  taAhato* 
itfcaMr  rangt  o I  5  mitt-  Hmt  ataiQBad  ehattnriatic  it  iumuii*  rwaa  (illpatA  hr  a 20  mend  Aaah.  tto  mnplatr  HfM  ton*  nyaairt  mo  prr  aunt*. 
Ttoaartni*ialaia*r4a*ihtlighiatr*aiirtiiaina*cht«aiat  ■*0im*4aadar'<Bjmarha~lndBt«**it|acalciJihntiaaa*r*miaMr«tna»itl>ihtagantiaa*f 


SftaalnlAtatianagtTatnnaiUtomAtaalragairMarttniAnnttiaibAattitientnititnAttnMMttAtonairitnliWniaamtMnaltcttaAjtotAAnntnA 
Partin  bNa  W  Much  an  toad  aag.IU.T)a  At?,  rim  taAfraqatncr  a*  which  iparialaitorMaaatmar  a  AaairaA  mm  to  atataA.  If  amicra  AaamAaa  hath 
hr  qua  in  at  band.  tb  rim  ihai  naMM  on  rick  Irt^tmy  n  AaainA  mm  to  tpacAaA.  Up**  antral  at  da  aucaa  m  da  Mat  anA  haw  tpacAaA.  atari** 
pamanal  aaf  to  nanctiA  hr  ama  to  da  anal  wtoada  ugaal  at  dag  kaac. 


la*  Aa*riaa  Light  Italian.  CaW1 . 

....  JJAJ  JO  .. 

IIS  1J  02 

Ml 

4*0 

M2  . . 

War  Mam  Light,  CaW . 

I22  2J04 

MO 

N2  . . 

Atoi  War  Light  Vaaa.  With1 . 

....  47  J4  JJ  .. 

122  2J  10 

soo 

400 

02  . . . 

CaarA  UlanA  Light  Sanaa.  Alaaka .... 

....  JJ2AA7  .. 

191  52  45 

204 

400 

<32  . . 

Barton  Wn  Light.  Kami? . 

....21  1100.. 

1JSOO  JO 

510 

400 

SO  . . . 

Wat  Um  light.  CaW  . 

....  >2  JO  JA  .. 

117  14  JO 

Ml 

400 

T2  . . 

Atom  HaaA  Light.  1.C  (CaaH . 

125  21  J0 

soo 

T  (•) 

toriM  Athiaam  light.  SC  (Can.)' _ 

....4010  JO.. 

125  IJ  40 

520 

T  (*) 

Barr  Sanaa*  Wharf  light  * . 

....40  12  24  .. 

125  57  00 

20J 

m 

. . . 

'  la*a  tor  tpanal  nlihntna  aarriat  aaf  ala*  to  aaadr  a  C  C  bar  Tina  nil  Man*  a  Caaanandar.  Shrank  Caaat  Cmd  Dana  laani 
•0*  tatgam  itongii  Vinara  Marita  SaAa.  VAX 

'  On  lagam  thraagh  CanunanAar  Ttonaanak  Caaat  Gaaid  Darrin.  Stand.  Vaah 

4  On  mini  thraagh  Caaat  CaarA  Sana  At  nr  a.  at  aikw  n  lantr  a  Cam  m  a  Art  Thtmtnrh  Cam  Caard  Damn  laan)  Saanlr.  With  00174 
*  0*  mat li  ihtaaf h  Cam  CaarA  CamaanaBMaat  Stain*  Haaalaki.  Air  Sranaa  Sarto n  Ian  ar  aka  i  ttrar  m  Caaanaadn.  faartaanrli  Cam  CaarA 
Damn  <a*a)  Haaalato.  Hmu 


A-6 


IAOIOMACON  mriM-MCMC  COAST  AMO  PAOMC  SUNOS— At  . . . 


iiawNao 


Sutiofl 

OuraairiHic 

JUaf* 

Lh  (N) 

Long  (W) 

kHj 

(tuwtftJ  milo) 

•  •  " 

•  *  " 

288 

1 

CARE  FLATTERY 

F 

(MM) 

too 

4(  25  50 

124  44  0( 

n 

JAMES  ISLAND 

Jl 

(mm  m) 

50 

47  Vt  l« 

124  5(46 

w 

CARMAN  AH,  (C»r> ) 

D 

(M*) 

55 

4*  56  4) 

124  43  01 

IV 

AMFHITRJTE  Fa  NT,  (On ) 

A 

(*•) 

50 

an  5i 

■25  52  24 

296 

l-IV 

SANDS  HEAD.  (Chi) 

G 

(•M) 

20 

49  06  22 

125  18  06 

n-v 

PONT  ATKINSON,  (On ) 

V 

(MM) 

50 

49  19  51 

125  15  49 

m 

SISTERS  ISLAND,  (Cm) 

M 

(••) 

50 

49  29  15 

124  26  00 

502 

l-IV 

PCX  NT  LOMA 

L 

(MM) 

no 

52  59  59 

11?  14  54 

n-v 

LOS  ANGELES 

A 

(-) 

70 

55  42  51 

lit  15  03 

ni-vi 

Fa  NT  ARGUELLO 

0 

(•••) 

150 

54  54  42 

120  58  54 

504 

I 

CAFE  ARAGO 

Y 

(**••) 

50 

4)  20  29 

124  22  2? 

ni 

W1LLAFA  SAY 

UT 

(~*  •) 

20 

a  44  05 

I24  04  5S 

IV 

CAFE  DISAPPOINTMENT 

0 

(•••) 

50 

46  16  55 

124  05  02 

V 

CAPE  BLANCO 

OE 

(•••  •) 

too 

42  50  18 

124  55  40 

VI 

YAQU1NA  MEAD 

w 

(M.) 

50 

44  40  36 

524  04  42 

50* 

1 

n 

m 

LANGARA  ISLAND.  (Cm ) 
TRIPLE  ISLAND,  (Chvi 
BONILLA  ISLAND.  (Cm  ) 

H 

0 

l 

(MM) 

(■••) 

(MM) 

60 

50 

60 

54  15  25 

54  17  )5 

55  29  54 

15)05  )0 

1)0  52  50 

150  5i  OS 

514 

u 

Fa  NT  WILSON 

Q 

(■M«) 

50 

4SOS40 

122  45  12 

ni 

SMITH  ISLAND 

G 

(■M) 

20 

44  19  06 

122  50  55 

IV 

RACE  ROCKS.  (Cm ) 

J 

(MM) 

40 

4i  17)5 

125  51  a 

V 

NEWDUNGENESS 

U 

(M«) 

50 

4S  10  54 

125  06  50 

SIS 

1 

LENNARD  ISLAND,  (Chi) 

K 

(M.) 

50 

49  06  5S 

125  55  20 

u 

QUATSINO.  (Chi  ) 

> 

(MM) 

50 

50  26  29 

128  01  51 

IV 

FINE  ISLAND.  (Chi) 

F 

(MM) 

40 

50  56  5) 

127  43  35 

MASKER 


fn* 

Sutton 

Lh  (N) 

Lung  <8Ti 

kHs 

•  •  " 

•  •  * 

504 

WH1FFIN  SWT 

a  :i  5i 

123  42  *6 

510 

CAFE  BEALE.  [Cm  ) 

a  4 7  12 

125  12  51 

4 


tAOOMACON  SWIM— MORC  COAST  AMO  PAOHC  ISLANDS— *f  A . 

CONTINUOUS 


Prn 

kMi 

Scaooa 

Quncmanc 

lUnfR 

(tmmk al  nuim) 

Lx  <N> 

•  *  " 

Lon*  <W> 

•  *  ** 

207 

BCG  ISLAND 

UZM 

(•M  •  M) 

2) 

51  MM 

127  49  97 

ns 

PRINCE  RUPERT 

PR 

(HM  MR) 

100 

94  19  49 

190  29  20 

255 

VICTORIA.  (Cm.) 

V 

(HH  M«l) 

n 

a  57  49 

129  19  00 

24* 

DEAD  THEE,  (On.) 

z 

(MM) 

29 

99  21  01 

191  96  29 

2*5 

NI9FPORTBAY 

NT 

<•••» 

19 

99  99  1* 

117  52  49 

2*6 

CAFE  SPENCER 

T 

<•> 

200 

9*  II  9* 

156  9*  17 

2*6 

BLUNTS  REEF  UGHTED 
HORN  BUOY  > 

BA 

(HM  MR) 

19 

40  26  n 

124  90  19 

2*6 

FIOEON  POINT 

PI 

(NW  m) 

40 

97  10  91 

122  29  56 

2M 

SAN  LUIS  OBISPO 

SL 

(rm  mm) 

20 

99  09  49 

120  49  95 

2*9 

MARIN  A  DEL  HEY 

MR 

(••  “•> 

10 

55  97  46 

11*  27  40 

290 

POINT  PINOS 

P 

(MM) 

10 

96  9*  02 

121  99  9* 

292 

CAPE  ST  JAMES.  (Oa) 

q 

(MM  MM) 

100 

91  96  10 

191  00  94 

292 

CAPE  HTNCHINBROOK 

W 

(M.) 

100 

60  14  IB 

146  5*4* 

292 

DANA  POINT 

DP 

(«~  mm) 

19 

55  27  19 

117  41  26 

292 

POINT  REYES 

R 

(— ) 

10 

97  99  49 

125  01  20 

292 

TRINIDAD  HEAD 

TR 

(.  M») 

19 

41  09  19 

124  0*  9* 

294 

SANTA  BARBARA 

SB 

<~  — ) 

10 

54  24  24 

11941  56 

294 

SANTA  CRUZ  HARBOR 

SC 

(m«  mm) 

10 

96  97  5S 

122  00  0) 

291 

PIVE  FINGER 

D 

(— > 

60 

97  16  1* 

155  57  42 

296 

O4ETC0  RIVER 

1 

(MM) 

20 

42  02  49 

124  16  01 

296 

LONG  BEACH 

LB 

(MM  MM) 

10 

59  49  25 

lit  11  10 

296 

POINT  BONITA 

B 

(MM) 

10 

57  4B55 

122  91  42 

296 

PIEDRAS  BLANCAS 

P* 

(MM  MM) 

19 

99  59  54 

121  17  06 

29* 

CAPE  ST  EUAS 

0 

(...) 

190 

99  47  4* 

144  96  I* 

29* 

MOSS  LANDING  HARBOR 

ML 

(••  MM) 

10 

56  4(  24 

121  47  15 

900 

HUMBOLDT  BAY 

H 

(MM) 

90 

40  41  04 

124 1)  n 

t 

902 

ETHELDABAY.  (Cm) 

TC 

(.  MM) 

125 

9909  09 

129  41  12 

* 

909 

SAN  FRANOSCO  APPROACH 
LIGHTED  HORN  BUOY  sf 

SF 

(MR  MM) 

17 

57  45  00 

122  41  90 

907 

AVALON 

AV 

(M  MM) 

10 

99  20  96 

1IB  19  29 

907 

FORT  BRAGG 

N 

<~) 

20 

59  25  51 

129  4*  29 

90* 

CHANNEL  ISLAND 

a 

(mm  m) 

10 

54  09  21 

119  19  99 

510 

MORRO  BAY 

M 

15 

99  21  46 

120  92  0* 

910 

ST  GEORGE  REEF 

SG 

(«M  IM) 

20 

41  90  19 

124  29  46 

A-8 


« 


1  X 


J 


4 


tAOIOMACON  SYSTEM— PAOHC  COAST  AND  MONC  SUNOS—  tf  . (Cot'S) 

CONTINUOUS 


kHl 

— 

Qmtammk 

R*at 

(met«I  mslci) 

Ln(K) 

•  •  " 

u*l  CW) 

$  •  « 

JU 

PARALLON  ISLAND 

P 

(OTOT) 

so 

57  41  4* 

123  00  02 

SI4 

ST.  PAUL 

SPY 

(OT»  MM  MM) 

iso 

57  09  30 

170  13  36 

>14 

VENTURA  MARINE 

VM 

(MM  ••) 

19 

54  14  46 

119  1609 

COLUMBIA  RIVER 
APPROACH  UGHTED 
HORN  BUOV  at. 

CR 

(mm  *m) 

20 

46  1 1  06 

124  10  91 

*17 

MISSION  BAY 

Ml 

(••  mm) 

19 

52  43  )0 

117  13  33 

SIS 

CAPE  DPOSJON 

UT 

(—  •) 

100 

56  00  07 

1)4  0*04 

SI* 

REDONDO  BEACH 

RB 

(me  mm) 

IS 

5)  50  27 

11*2)40 

SJO 

POINT  ARENA 

A 

<-) 

so 

SB  57  20 

12)  44  2* 

520 

CAPE  law  ANDA 

K 

(— ) 

15 

45  12  SB 

12)  3*  12 

S22 

PCENTSUR 

S 

(—) 

SO 

36  IB  22 

121  34  02 

S22 

EDIZ  HOOK 

K 

(—) 

20 

4B0B25 

12)  24  04 

S2S 

ANACAPA  ISLAND 

AN 

(M  M) 

10 

54  00  37 

11*21  32 

S2S 

OCEANSIDE 

OC 

(•••  «em) 

10 

33  12  34 

117  2)37 

524 

GUARD  ISLAND 

J 

(— •) 

100 

33  26  47 

1)1  )2  43 

S24 

UMPQUA  RIVER 

u 

(•M) 

20 

43  39  4* 

124  11  90 

S2S 

CRESENT  CITY 

c 

(MM) 

20 

41  44  11 

124  11  29 

S2S 

BODEGA  HEAD 

BO 

(MM  ...) 

20 

3S1S39 

12)  0)  32 

S2S 

GRAYS  HARBOR 

G 

(*M) 

so 

46  34  17 

124  07  30 

sss 

ALERT  BAY.  (Cot) 

AL 

(m  mm) 

2. 

30)3  12 

126  33  2* 

SS4 

CAPE  SCOTT.  (Cot) 

ZES 

(mm  •  me) 

75 

50  46  37 

12*  23  31 

55* 

TWINO,  (Cot) 

YAZ 

(mm  m  mm) 

50 

4*  02  34 

123  42  16 

MS 

SANDSPTT.  (Cot) 

ZP 

(SME  EME) 

50 

3)  II  4B 

1)1  56)3 

**4 

ISTEV AN  POINT.  (Cot) 

EP 

(•  ••»•) 

100 

4*22  3* 

126  32  M 

571 

ACTIVE  PASS.  (Cot) 

AP 

(m  mm) 

25 

4*  32  26 

12)  17  2) 

m 

MdNNES  ISLAND  (Cot) 

MS 

(•• 

100 

32  13  42 

12*  4)  1* 

SB 

LAWN  POINT,  (Cot) 

LZ 

(mm  sme) 

49 

33  25  24 

1)1  34  49 

9 


O  It  EAT  LAKES  KADIOBEACON  SYSTEM  —  By 


»EQUENCSD 


Ml 

Sum* 

Omhwih 

tMfi  . 

(•total 

1 M  (Ml 

•  • 

292 

1 

vxitepish  point.  mi 

(•  •  ••> 

100 

4*46  II 

n 

CARIBOU  ISLAND.  ONT. 

A 

<•  •) 

40 

47  20  25 

m 

MARQUETTE.  Ml 

V 

«o 

4*  J2  47 

IV 

SLATE  ISLAND.  ONT 

B 

(••••) 

JO 

4IJ7II 

V 

HKHIP1COTCS  BUND. 
ONT 

Q 

<••••> 

JO 

47  45  IJ 

VI 

MJCHIMCOTEN  HARBOR. 
ONT 

R 

•) 

JO 

47  5*  JJ 

294  1 

OEVEUND.  OH 

C 

(••••) 

30 

41  JO  J2 

D 

LONG  POl  NT.  ONT 

L 

40 

42  JJ  00 

01 

PORT  COLBORNE.  ONT 

2 

33 

42  52  07 

IV 

ERIE  HARIOR.  PA 

Y 

20 

42  09  21 

V 

LONG  POINT.  ONT 

L 

(••••) 

40 

42  5  3  00 

VI 

PORT  COLBORNE.  ONT 

Z 

<••••> 

33 

42  52  07 

296  n 

DEVILS  BUND.  VI 

o 

<••  •) 

70 

47  04  4* 

Ul 

tv o  harbors,  mn 

p 

(••••) 

40 

47  00JI 

V 

DULUTH  HARBOR.  MN 

(■•■•) 

70 

4*4*49 

VI 

KZVEENAW  LOVER  ENT 

(•••■) 

40 

4*  Jl  12 

29*  II 

POINT  BETSIE.  Ml 

P 

50 

44  41  JO 

111 

MILWAUKEE.  VI 

M 

<•  •> 

50 

45  01  J7 

IV 

MUSKEGON.  Ml 

C 

(••••) 

50 

4JIJ5* 

VI 

INDIANA  HARBOR.  IN 

Y 

<••■•> 

70 

41  40  Jl 

1 

OVEN  SOUND.  ONT 

X 

(••••) 

50 

44  54  4  5 

U 

COLUNGWOOO.  ONT 

C 

(■•■•) 

50 

44  J0  29 

III 

HOPE  lSUND.  ONT 

P 

(•  •  ••) 

50 

44  54  50 

IV 

SNUG  HARBOR  ONT 

R 

(•••) 

50 

45  22  26 

V 

GEREAUX  ISLAND,  ONT 

J 

<••••> 

JO 

4J44  J9 

VI 

K1LUANEY.  ONT 

K 

(•  ••) 

50 

45  51  05 

502  1 

DETOUR  REST.  Ml 

(••••) 

40 

45  5*  51 

a 

P"E  REEP.  Ml 

V 

*> 

40 

45  41  41 

IV 

D  TOUR  KEEP.  Ml 

(••••) 

40 

45  5*  51 

V 

V  VS1NG  SHOAL  ML 

z 

<■•••> 

>0 

45  54  12 

VI 

G  tYS  REEP.  Ml 

X 

(••••) 

40 

45  45  57 

i 

PORT  VEILER.  ONT 

V 

<••••> 

30 

45  14  59 

a 

BURLINGTON  BAY.  ONT 

R 

<•  *•) 

23 

45  1104 

IV 

PORT  V ELLER.  ONT 

V 

(•••■) 

30 

45  14  59 

V 

BURLINGTON  BAY.  ONT 

R 

<•  ■  *) 

23 

45  1*04 

306  U 

MAIN  DUCK  ISUND.  ONT 

Y 

(••••> 

30 

43  33  33 

111 

POINT  PETRE.  ONT 

P 

(*«  •  •) 

30 

43  30  20 

IV 

OSWEGO,  N  Y 

V 

(•  •  •) 

60 

43  21  24 

V 

ROCHESTER.  NY 

M 

<■  ■) 

60 

43  13  23 

11 

SANDUSKY  OH 

X 

(••••) 

40 

41  29  17 

111 

SOUTHEAST  SHOAL  ONT 

H 

(••••) 

40 

41  49  40 

VI 

ASHTAIUU.  OH 

G 

(■  ••) 

40 

41  33  06 

A-10 


8BB  3333!  33SXS  388888  3838  8328  388383  Z  3833Z 


5555  5  ESS  SSS52  555555223  58833332 


GREAT  LAKES  RAOIOUACON  SYSTEM  —  Ey  fraquoncio*  (Cant'd) 
SEQUENCED 


rm 

o-f 

immm 

ftdwww 

**•*> 

U*  (Ni 

U*  iW. 

k Mm 

•  •  * 

•  “ 

y» 

1 

STURGEN  RAY  CANAL,  VI 

<••••) 

30 

44  47  42 

PII4I 

m 

KEVaUNEE,  VI 

C 

(•  ••) 

30 

44  27  27 

r  »ii 

IV 

MINNEAPOLIS  SHOAL  MI 

Y 

(••••> 

30 

4)HM 

16  59  56 

V 

LUDINGTON,  Ml 

{•  •  •  •  > 

>0 

41 17  11 

16  27  94 

V! 

RAVLEY  POINT.  VI 

L 

(••••) 

>0 

44  1340 

r  »  w 

a 

ST.  MARTINS.  Ml 

SM 

(••• 

60 

41  »  IS 

16  41  2* . 

1 

keveenav.mi 

C 

(••••) 
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APPENDIX  B 

NEAR  FUTURE  ADDITIONAL  RADIOBEACON  STATIONS 
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